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AAPC

:   average annual percentage change

AIAN

:   American Indian and Alaskan Native

ALD

:   alcoholic liver disease

APC

:   annual percentage change

ASDR

:   age‐standardized death rate per 100,000

ASYLLR

:   age‐standardized years of life lost per 100,000

CHB

:   chronic hepatitis B

CHC

:   chronic hepatitis C

CI

:   confidence interval

HCC

:   hepatocellular carcinoma

ICD

:   International Classification of Diseases

NAFLD

:   nonalcoholic fatty liver disease

YLL

:   years of potential life lost

Liver disease is a major cause of morbidity and mortality, with 2 million individuals dying of liver disease each year worldwide.^(^ [^1^](#hep41510-bib-0001){ref-type="ref"}, [^2^](#hep41510-bib-0002){ref-type="ref"}, [^3^](#hep41510-bib-0003){ref-type="ref"} ^)^ The National Center for Health Statistics estimated that liver disease in 2016 was the twelfth leading cause of death worldwide and eighth leading cause of death in the United States.^(^ [^2^](#hep41510-bib-0002){ref-type="ref"} ^)^ Chronic viral hepatitis B (CHB) and hepatitis C (CHC) infections are the two major causes of liver‐related mortality, but alcohol‐related liver disease (ALD) and nonalcoholic fatty liver diseases (NAFLD) have been increasingly contributing to the burden of liver disease in the United States.^(^ [^1^](#hep41510-bib-0001){ref-type="ref"}, [^3^](#hep41510-bib-0003){ref-type="ref"}, [^4^](#hep41510-bib-0004){ref-type="ref"} ^)^ Although the incidence of CHC has generally decreased, its complications are predicted to increase with the aging baby boomer populations.^(^ [^5^](#hep41510-bib-0005){ref-type="ref"} ^)^ In contrast, vaccination against hepatitis B and advances in the treatment of both CHB and CHC have potentially reduced the future burden of viral hepatitis in the United States.^(^ [^6^](#hep41510-bib-0006){ref-type="ref"} ^)^ Despite these reductions in viral hepatitis, death rates due to cirrhosis and hepatocellular carcinoma (HCC) have been predicted to increase in the United States by 2030.^(^ [^1^](#hep41510-bib-0001){ref-type="ref"}, [^6^](#hep41510-bib-0006){ref-type="ref"} ^)^ In fact, from 2000 to 2016, deaths from liver cancer increased 43% from 10.5 deaths per 100,000 to 15 deaths per 100,000.^(^ [^2^](#hep41510-bib-0002){ref-type="ref"} ^)^ It is important to note that there is considerable heterogeneity in the rates of liver cancer in the United States based on geographic location and race.^(^ [^7^](#hep41510-bib-0007){ref-type="ref"} ^)^ Given the potential shifts from chronic viral hepatitis to NAFLD as the most common cause of liver disease in the United States, the impact on liver‐related mortality from different liver diseases needs to be reassessed.

Previous epidemiologic studies have evaluated trends in liver disease mortality in the United States^(^ [^6^](#hep41510-bib-0006){ref-type="ref"} ^)^; however, results might have underestimated the etiologic burden of liver deaths by failing to account for missing etiologies in the national mortality database. Moreover, no prior study had accessed the burden of premature death due to liver diseases. Therefore, our aim was to use national mortality data to assess trends in deaths and YLL for HCC and cirrhosis due to different liver diseases over the last decade.

Materials and Methods {#hep41510-sec-0002}
=====================

Data Sources {#hep41510-sec-0003}
------------

We examined the U.S. multiple cause‐of‐death mortality data from the National Vital Statistics System of the National Center for Health Statistics, Centers for Disease Control and Prevention, with 2007‐2017 data obtained from the public‐use multiple cause of death files.^(^ [^8^](#hep41510-bib-0008){ref-type="ref"} ^)^ Causes of death were coded according to the International Classification of Diseases (ICD) codes in use at the time of death.^(^ [^9^](#hep41510-bib-0009){ref-type="ref"} ^)^ More than 99% of deaths in the United States are captured by this database.^(^ [^10^](#hep41510-bib-0010){ref-type="ref"} ^)^ The underlying cause of death is defined by the World Health Organization as "the disease or injury which initiated the train of events leading directly to death, or the circumstances of the accident or violence which produced the fatal injury."

To overcome misclassification and underestimation of the underlying cause of death abstracted from death certificates,^(^ [^11^](#hep41510-bib-0011){ref-type="ref"} ^)^ we used the following coding algorithm: We identified decedents having ICD‐10 codes for cirrhosis, HCC, ALD, CHB, CHC, NAFLD, and other liver diseases (autoimmune hepatitis, hemochromatosis, iron overload, Wilson's disease, cholangitis, biliary cirrhosis, alpha‐1‐antitrypsin deficiency, Budd‐Chiari syndrome, hepatic failure, liver disorder, and drug injury) as the underlying cause of death. Of these, decedents with HCC as an underlying or contributing cause of death were defined as "HCC deaths"; decedents with cirrhosis or complications of cirrhosis as the underlying or contributing cause of death were defined as "cirrhosis deaths"; and a remaining "other liver deaths" encompassed residual causes, including acute liver failure, cholangitis, and posttransplant liver failure. Among decedents with HCC and cirrhosis, NAFLD, CHC, CHB, and ALD were defined by ICD‐10 codes. Because NAFLD is typically undercoded in clinical practice (ICD‐10 codes K76.0 and K75.81), we presumed that NAFLD deaths also included those individuals who were coded for cryptogenic liver disease (K76.9 and K74.6), including cirrhosis in the absence of any other causes of chronic liver diseases or excessive alcohol use. The ICD‐10 codes used are provided in Supporting Table [S1](#hep41510-sup-0002){ref-type="supplementary-material"}; a flow diagram is shown in Supporting Fig. [S1](#hep41510-sup-0001){ref-type="supplementary-material"}.

Sociodemographic variables included age at the time of death, sex, race, marital status, and college degree. Hispanic and Asians were further categorized into the three and six largest ethnic groups represented in the 2010 U.S. census (including Asian‐Pacific Islanders).^(^ [^12^](#hep41510-bib-0012){ref-type="ref"} ^)^

Statistical Methods {#hep41510-sec-0004}
-------------------

Age‐specific rates for liver deaths were calculated by sex and race/ethnicity from the Survey of Epidemiology and End Results for 2007‐2017 based on the corresponding population estimates and adjusted for population shifts due to hurricanes Katrina and Rita.^(^ [^13^](#hep41510-bib-0013){ref-type="ref"} ^)^ For Hispanic‐ and Asian‐American subgroups in noncensus years, population sizes in each year were estimated by linear interpolation (2008‐2009), U.S. census data (2010), and extrapolation (2011‐2017), using the 2000 and 2010 U.S. census reports.^(^ [^14^](#hep41510-bib-0014){ref-type="ref"} ^)^ To understand the burden of premature deaths, years of potential life lost (YLL) were estimated by multiplying the number of deaths with the standard life expectancy at the age at which death occurs.^(^ [^15^](#hep41510-bib-0015){ref-type="ref"} ^)^ Age‐standardized death rate per 100,000 (ASDR) and age‐standardized years of life lost per 100,000 (ASYLLR) with 95% confidence intervals (CIs) were then calculated by using the direct method based on the census 2000 standard population by 10‐year age groups.

Temporal trends were analyzed by the Joinpoint regression model using the National Cancer Institute's software.^(^ [^16^](#hep41510-bib-0016){ref-type="ref"} ^)^ A maximum number of two joinpoints were allowed, and the modified Bayes information criterion^(^ [^17^](#hep41510-bib-0017){ref-type="ref"} ^)^ was used for model selection. From the selected models, the annual percentage change (APC) for each trend segment and the average annual percentage change (AAPC) for the entire period were reported with 95% CIs. An increasing or decreasing trend was defined if the APC or AAPC was significantly different from 0; otherwise, a stable or level trend was defined. A test for parallelism was used for comparing the trends across groups.

Data Imputation for Unknown Etiology {#hep41510-sec-0005}
------------------------------------

In 2017, 54.0% and 9.8% of HCC and cirrhosis etiologies were not reported due to the limitation of this data base. Decedents with unknown etiologies were more likely to be older, black, Asian, married, and have a college degree, and less likely to have abused alcohol. Estimates of the etiological contribution using the complete case analysis (restricting the analysis to include only decedents with known etiology) will be biased and the direction of the bias unpredictable (Supporting Table [S2](#hep41510-sup-0002){ref-type="supplementary-material"}). Under missing at random assumption (MAR), a multiple imputation approach using the full conditional specification (FCS) imputation method^(^ [^18^](#hep41510-bib-0018){ref-type="ref"} ^)^ was adopted to account for unknown etiologies and to estimate the contribution of different liver disease on liver deaths for each year. For imputing unknown etiologies, we considered the following eight etiologies: 1) NAFLD; 2) HCV without HBV or ALD; 3) HBV without HCV or ALD; 4) ALD without HCV or HBV; 5) HCV with ALD without HBV; 6) HBV with ALD without HCV; 7) HCV with HBV or HCV with HBV and ALD; 8) others encompassing residual causes. All variables in Supporting Table [S2](#hep41510-sup-0002){ref-type="supplementary-material"} that could help make the missing at random assumption plausible were included in the imputation model. The five imputed data sets were created by using the Markov Chain Monte Carlo^(^ [^19^](#hep41510-bib-0019){ref-type="ref"} ^)^ and FCS imputation methods,^(^ [^18^](#hep41510-bib-0018){ref-type="ref"} ^)^ as recommended by the Healthcare Cost and Utilization Project. For each imputed data set, eight etiologies were categorized into five etiologies (NAFLD, CHC, CHB, ALD, and others) where decedents with both CHC and CHB were excluded for maintaining a mono‐etiology, decedents with CHC and ALD were categorized into CHC etiology, and decedents with CHB and ALD were categorized into CHB etiology. After the etiological contributions were computed separately on each imputed data set, the estimates of contributions from all imputed data sets were combined into a single estimate using Rubin\'s rule.^(^ [^20^](#hep41510-bib-0020){ref-type="ref"} ^)^ All analyses were performed with SAS software, version 9.4 (SAS Institute, Cary, NC).

Results {#hep41510-sec-0006}
=======

In 2017, there were 2,797,265 registered deaths in the United States, with 73,424 liver deaths; this contributed to 1,467,742 YLL. In contrast, in 2007, there were 2,398,800 deaths in the United States, with 54,861 liver deaths and 1,205,868 YLL. Of those who died by liver diseases in 2017, approximately 76.5% were 55 years or older, 70.6% were non‐Hispanic white, and 63.5% were male individuals.

Burden of Liver Deaths Related to Hepatocellular Carcinoma and Cirrhosis in 2017 {#hep41510-sec-0007}
--------------------------------------------------------------------------------

Among liver deaths in 2017, HCC was noted in 12,169 (16.6%) and cirrhosis was noted in 60,111 (82.0%), contributing to 200,300 and 1,211,975 of YLL, respectively. Compared to decedents with cirrhosis, those with HCC were older, more commonly male individuals, and non‐Hispanic black (Table [1](#hep41510-tbl-0001){ref-type="table"}).

###### 

Characteristics of Decedents With HCC or Cirrhosis in the United States, 2017[\*](#hep41510-note-0002){ref-type="fn"}

                                                                           All               HCC              Cirrhosis         No Cirrhosis or HCC
  ------------------------------------------------------------------------ ----------------- ---------------- ----------------- ---------------------
  Number of decedents                                                      73,424            12,169           60,111            1,144
  Age (years), mean ± SD                                                   63.12 ± 13.00     66.96 ± 10.65    62.21 ± 13.17     70.01 ± 16.75
  Age (years), %                                                                                                                
  0‐44                                                                     5,346 (7.28%)     193 (1.59%)      5,070 (8.43%)     83 (7.26%)
  45‐54                                                                    11,880 (16.18%)   876 (7.20%)      10,892 (18.12%)   112 (9.79%)
  55‐64                                                                    23,798 (32.41%)   4,297 (35.31%)   19,308 (32.12%)   193 (16.87%)
  65‐74                                                                    18,511 (25.21%)   3,983 (32.73%)   14,268 (23.74%)   260 (22.73%)
  ≥75                                                                      13,889 (18.92%)   2,820 (23.17%)   10,573 (17.59%)   496 (43.36%)
  Male                                                                     46,619 (63.49%)   9,512 (78.17%)   36,531 (60.77%)   576 (50.35%)
  Race                                                                                                                          
  non‐Hispanic white                                                       51,809 (70.56%)   7,513 (61.74%)   43,447 (72.28%)   849 (74.21%)
  non‐Hispanic black                                                       7,220 (9.83%)     1,857 (15.26%)   5,222 (8.69%)     141 (12.33%)
  Hispanic                                                                 10,469 (14.26%)   1,784 (14.66%)   8,596 (14.30%)    89 (7.78%)
  non‐Hispanic Asian‐Pacific Islander                                      2,125 (2.89%)     813 (6.68%)      1,255 (2.09%)     57 (4.98%)
  non‐Hispanic AIAN                                                        1,482 (2.02%)     147 (1.21%)      1,327 (2.21%)     8 (0.70%)
  Married                                                                  29,966 (41.39%)   5,940 (49.55%)   23,558 (39.75%)   468 (41.12%)
  College                                                                  14,931 (24.30%)   2,342 (22.86%)   12,306 (24.51%)   283 (28.41%)
  Contributing causes of deaths[^†^](#hep41510-note-0003){ref-type="fn"}                                                        
  Cardiovascular disease                                                   18,775 (25.57%)   2,580 (21.20%)   15,757 (26.21%)   438 (38.29%)
  Non‐liver cancer                                                         24,269 (33.05%)   1,223 (10.05%)   23,040 (38.33%)   6 (0.52%)
  Renal disease                                                            2,381 (3.24%)     1,019 (8.37%)    1,284 (2.14%)     78 (6.82%)
  Hypertension                                                             6,012 (8.19%)     519 (4.26%)      5,464 (9.09%)     29 (2.53%)
  Diabetes                                                                 5,164 (7.03%)     969 (7.96%)      4,086 (6.80%)     109 (9.53%)
  Lung disease                                                             5,047 (6.87%)     970 (7.97%)      4,003 (6.66%)     74 (6.47%)
  Neurological                                                             3,884 (5.29%)     635 (5.22%)      3,196 (5.32%)     53 (4.63%)

Decedents with a liver disease as an underlying cause of death were included. All values are displayed as count (%) except where otherwise noted.

Because a decedent can have multiple contributing causes of death, a decedent can be counted in more than one group.

(Source: Centers for Disease Control and Prevention, National Center for Health Statistics, National Vital Statistics System. Mortality Data.

https://www.cdc.gov/nchs/nvss/deaths.htm

. Updated January 2020. Accessed February 19, 2020).

John Wiley & Sons, Ltd

In 2017, male‐to‐female ratios for ASDR and ASYLLR attributable to HCC were 4.09 and 3.51, respectively, while those attributable to cirrhosis were 1.72 and 1.41, respectively. Age‐specific HCC and cirrhosis death rates increased by age, while the highest YLL was observed in those 55‐64 years. Non‐Hispanic whites accounted for 71% of liver deaths in 2017, followed by Hispanic (14.3%), non‐Hispanic black (9.8%), Asian (2.9%), and non‐Hispanic American Indian and Alaskan Native (AIAN) (2.0%). However, the highest ASDR and ASYLLR for HCC and cirrhosis were observed in non‐Hispanic AIAN (Tables [1](#hep41510-tbl-0001){ref-type="table"} and [2](#hep41510-tbl-0002){ref-type="table"}).

###### 

ASDR AND ASYLLR Attributable to HCC and Cirrhosis by Sex, Age Group, and Race/Ethnicity for the United States, 2017

  Characteristics                                       HCC             Cirrhosis                         
  ----------------------------------------------------- --------------- ---------------- ---------------- -------------------
  Overall                                               12,169 (2.96)   202.25 (48.83)   60,111 (15.68)   1,246.45 (338.97)
  Sex                                                                                                      
  Female                                                2,657 (1.22)    46.92 (22.34)    23,580 (11.7)    517.11 (275.25)
  Male                                                  9,512 (4.99)    155.33 (78.34)   36,531 (20.11)   729.35 (407.52)
  Age (years)[\*](#hep41510-note-0004){ref-type="fn"}                                                      
  0‐44                                                  193 (0.1)       12.27 (6.46)     5,070 (2.67)     228.71 (120.41)
  45‐54                                                 876 (2.02)      24.24 (56.38)    10,892 (25.33)   316.99 (737.32)
  55‐64                                                 4,297 (9.98)    88.16 (205.64)   19,308 (45.04)   415.13 (968.31)
  65‐74                                                 3,983 (13.54)   57.35 (195.61)   14,268 (48.67)   208.66 (711.74)
  ≥75                                                   2,820 (13.57)   20.23 (97.79)    10,573 (51.12)   76.96 (372.06)
  Race/ethnicity                                                                                           
  non‐Hispanic white                                    7,513 (2.44)    118.53 (39.28)   43,447 (15.97)   869.8 (350.18)
  non‐Hispanic black                                    1,857 (4.15)    34.11 (72.78)    5,222 (12.08)    117.45 (263.59)
  Hispanic                                              1,784 (4.64)    32.18 (72.43)    8,596 (20.65)    189.9 (398.92)
  non‐Hispanic AIAN                                     147 (5.51)      2.5 (84.49)      1,327 (50.71)    39.22 (1,482.81)
  non‐Hispanic Asian‐Pacific Islander                   813 (4.41)      14 (68.72)       1,255 (6.89)     24.67 (121.27)
  Subrace group                                                                                           
  Hispanic                                                                                                
  Mexican                                               1,087 (5.53)    19.49 (84.88)    5,350 (24.21)    120.43 (455.9)
  Puerto Rican                                          243 (6.18)      4.07 (94.22)     868 (21.58)      17.4 (391.26)
  Cuban                                                 43 (1.6)        0.63 (25.04)     268 (10.31)      4.39 (180.22)
  non‐Hispanic Asian‐Pacific Islander                                                                     
  Indian                                                46 (2.29)       1.23 (38.56)     210 (8.94)       4.52 (150.81)
  Chinese                                               170 (4.02)      2.91 (65.77)     163 (3.99)       2.79 (63.58)
  Filipino                                              106 (3.39)      1.57 (45.84)     156 (5.02)       2.48 (73.35)
  Korea                                                 82 (4.89)       1.49 (80.34)     91 (5.81)        2.11 (114.72)
  Japanese                                              70 (4.22)       0.76 (51.9)      121 (8.22)       1.57 (141.26)
  Vietnamese                                            167 (11.07)     2.68 (151.24)    159 (10.25)      2.96 (159.62)

Age standardization is based on the direct method to the census 2000 population by 10‐year age groups.

(Source: Centers for Disease Control and Prevention, National Center for Health Statistics, National Vital Statistics System. Mortality Data.

https://www.cdc.gov/nchs/nvss/deaths.htm

. Updated January 2020. Accessed February 19, 2020).
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Temporal Trends Between 2007 and 2017 {#hep41510-sec-0008}
-------------------------------------

Between 2007 and 2017, there was a 64% increase in HCC deaths and a 29% increase in cirrhosis deaths, leading to an increase of 47% and 18% in YLL, respectively. Furthermore, the ASDR and ASYLLR annually increased from 2.3 to 2.96 (AAPC, 2.07%; 95% CI, 1.54‐2.60) and 42.15 to 48.83 (AAPC, 1.23%; 95% CI, 0.77‐1.69), respectively, for HCC; and from 14.56 to 15.68 (AAPC, 0.78%; 95% CI 95%, 0.36‐1.19) and 329.59 to 338.97 (AAPC, 0.35%; 95% CI, 0.01‐0.71), respectively, for cirrhosis (Supporting Tables [S3‐S8](#hep41510-sup-0002){ref-type="supplementary-material"}).

For male individuals, the ASDR for HCC and cirrhosis increased by 29% and 3%, whereas for female individuals, these increases were 26% and 17%, respectively. In fact, analysis of ASDR by sex showed that male and female individuals experienced different trends for cirrhosis (a test for parallelism, *P* = 0.002) but not for HCC (*P* = 0.100).

Significant and substantial inclines in the ASDR for HCC were observed across all races except Asians (AAPC, −2.18%), whereas non‐Hispanic white and non‐Hispanic AIAN were the only races with a significant increase of ASDR for cirrhosis and ASYLLR for HCC and cirrhosis (Fig. [1](#hep41510-fig-0001){ref-type="fig"}; Supporting Tables [S5‐S8](#hep41510-sup-0002){ref-type="supplementary-material"}).

![Trend in mortality attributable to HCC and cirrhosis, 2007‐2017. Trends are shown by (A) sex and race/ethnicity and (B) subrace groups.](HEP4-4-890-g001){#hep41510-fig-0001}

HCC Death by Etiology of Liver Disease Based on Multiple Imputation {#hep41510-sec-0009}
-------------------------------------------------------------------

Characteristics of decedents with HCC and cirrhosis due to a common cause of liver disease are shown in Table [3](#hep41510-tbl-0003){ref-type="table"}. In 2017, decedents with HCC due to NAFLD were more likely to be older (70.3 years), non‐Hispanic white (70.5%), and with higher cardiovascular disease (23.2%) (Table [3](#hep41510-tbl-0003){ref-type="table"}). Decedents with HCC due to ALD tended to be younger (64.6 years), male individuals (88.5%), and with higher comorbidities. The ASDR for HCC ranged from 1.44 for CHC to 1.07 for NAFLD to 0.19 for CHB, whereas the ASYLLR for HCC ranged from 26.1 for CHC to 14.76 for NAFLD to 3.71 for CHB. Between 2007 and 2017, the ASDR and ASYLLR of HCC increased for all etiologies except CHB. The highest average annual increase in ASDR was due to ALD (AAPC, 6.52%), followed by NAFLD (AAPC, 2.99%) and CHC (AAPC, 2.27%) (Fig. [2](#hep41510-fig-0002){ref-type="fig"}; Table [4](#hep41510-tbl-0004){ref-type="table"}). Joinpoint analysis showed that the increase in ASDR for HCC due to ALD and NAFLD accelerated after 2014 (APC, 11.38% and 6.55% in the 2014‐2017 period), whereas CHC stabilized (APC, 0.63%; *P* = 0.272) after an increasing trend in the 2007‐2011 period (APC, 4.78%). Similar to the findings in ASDR, the increase in ASYLLR escalated after 2014 for ALD and NAFLD (APC, 12.12% and 6.15%, respectively, in the 2014‐2017 period) and leveled out for CHC after 2012 (APC, −1.05%; *P* = 0.056) (Fig. [2](#hep41510-fig-0002){ref-type="fig"}; Table [4](#hep41510-tbl-0004){ref-type="table"}). The contribution of different etiologies to HCC deaths varied markedly across sex, age, and race/ethnicity. In 2017, CHC was responsible for 50.4% of HCC deaths; NAFLD, 35.4%; HBV, 6.0%; ALD, 5.4%; and others, 2.8% (Fig. [3A](#hep41510-fig-0003){ref-type="fig"}). NAFLD was the most common cause of HCC deaths in female individuals (42.3%), aged 75 years and over (55.3%), and Hispanic (42.4%), while the least common in male individuals (33.5%), aged less than 45 years (14.3%), and Asian‐Pacific Islanders (9.1%). Across race/ethnicity, the contribution of HCC deaths was highest in non‐Hispanic black for CHC (72.5%); Asians for CHB (74.8%); and Hispanic and non‐Hispanic AIAN for ALD (9.2% and 9.5%, respectively).

###### 

Characteristics of Decedents With Cirrhosis or HCC Deaths by Etiology in the Unites States, 2017, by Multiple Imputation

                                                                            HCC[\*](#hep41510-note-0005){ref-type="fn"}   Cirrhosis[\*](#hep41510-note-0005){ref-type="fn"}                                                                               
  ------------------------------------------------------------------------- --------------------------------------------- --------------------------------------------------- -------------- --------------- -------------- -------------- -------------- ---------------
  Number of decedents[†](#hep41510-note-0006){ref-type="fn"}                4,291                                         6,099                                               727            648             29,281         7,385          564            20,782
  Age in years, mean (SE)                                                   70.27 (0.19)                                  64.89 (0.14)                                        65.48 (0.52)   64.62 (0.38)    66.13 (0.08)   60.74 (0.14)   64.44 (0.65)   56.78 (0.08)
  Age, %                                                                                                                                                                                                                                                  
  0‐44                                                                      0.63 (0.15)                                   1.50 (0.17)                                         7.62 (0.99)    2.01 (0.55)     5.22 (0.14)    4.97 (0.29)    9.43 (1.23)    14.22 (0.24)
  45‐54                                                                     4.74 (0.36)                                   7.77 (0.37)                                         13.38 (1.27)   11.91 (1.28)    12.72 (0.20)   18.30 (0.45)   16.05 (1.55)   26.28 (0.31)
  55‐64                                                                     26.22 (0.80)                                  43.39 (0.76)                                        23.48 (1.58)   37.32 (1.92)    27.21 (0.26)   45.93 (0.59)   24.34 (1.82)   35.31 (0.33)
  65‐74                                                                     33.84 (0.93)                                  32.47 (0.71)                                        28.68 (1.70)   32.51 (1.86)    27.96 (0.26)   22.17 (0.49)   22.71 (1.77)   17.96 (0.27)
  ≥75                                                                       34.57 (0.83)                                  14.87 (0.50)                                        26.84 (1.66)   16.26 (1.46)    26.89 (0.26)   8.63 (0.38)    27.46 (1.88)   6.23 (0.17)
  Male, %                                                                   73.90 (0.76)                                  80.31 (0.59)                                        78.45 (1.54)   88.25 (1.27)    54.67 (0.29)   65.44 (0.57)   64.10 (2.02)   69.15 (0.32)
  Race, %                                                                                                                                                                                                                                                 
  non‐Hispanic white                                                        70.46 (1.22)                                  61.40 (0.91)                                        7.57 (1.00)    61.07 (1.93)    75.09 (0.27)   64.47 (0.61)   34.98 (2.01)   71.80 (0.31)
  non‐Hispanic black                                                        8.60 (0.70)                                   21.88 (0.64)                                        7.16 (0.99)    8.42 (1.11)     8.25 (0.17)    14.14 (0.45)   8.47 (1.17)    7.19 (0.18)
  Hispanic                                                                  17.61 (0.71)                                  13.29 (0.56)                                        1.98 (0.57)    25.29 (1.72)    13.15 (0.20)   17.20 (0.45)   5.39 (0.96)    15.57 (0.25)
  non‐Hispanic Asian‐Pacific Islander                                       1.71 (0.20)                                   1.68 (0.17)                                         82.96 (1.41)   2.62 (0.63)     1.75 (0.08)    1.61 (0.15)    50.11 (2.11)   1.39 (0.08)
  non‐Hispanic AIAN                                                         1.19 (0.26)                                   1.25 (0.20)                                         0.14 (0.14)    2.16 (0.57)     1.47 (0.07)    1.74 (0.16)    0.53 (0.31)    3.57 (0.13)
  Married, %                                                                54.13 (1.02)                                  44.07 (0.83)                                        62.29 (1.85)   49.06 (2.04)    44.09 (0.29)   31.95 (0.55)   45.39 (2.10)   35.47 (0.33)
  College, %                                                                25.72 (1.39)                                  18.65 (0.76)                                        36.39 (1.99)   20.74 (1.83)    25.17 (0.28)   13.98 (0.58)   28.99 (2.07)   27.20 (0.32)
  Contributing causes of deaths[‡](#hep41510-note-0007){ref-type="fn"}, %                                                                                                                                                                                 
  Cardiovascular disease                                                    23.20 (0.79)                                  19.85 (0.61)                                        18.80 (1.47)   20.85 (1.61)    27.13 (0.26)   28.11 (0.54)   30.30 (1.96)   23.72 (0.30)
  Alcohol abuse                                                             0.00 (0.00)                                   9.06 (0.38)                                         1.65 (0.47)    100.00 (0.00)   0.00 (0.00)    28.54 (0.53)   15.02 (1.51)   100.00 (0.00)
  Non‐liver cancer                                                          6.87 (0.43)                                   9.44 (0.38)                                         9.03 (1.07)    8.76 (1.12)     2.35 (0.09)    2.39 (0.19)    5.17 (0.94)    1.34 (0.08)
  Renal disease                                                             5.26 (0.47)                                   3.43 (0.28)                                         3.66 (0.70)    5.86 (0.92)     10.54 (0.18)   8.51 (0.35)    13.43 (1.44)   6.67 (0.17)
  Hypertension                                                              7.93 (0.53)                                   7.57 (0.43)                                         6.63 (0.97)    10.36 (1.21)    6.07 (0.14)    9.74 (0.35)    6.98 (1.08)    6.79 (0.17)
  Diabetes                                                                  10.37 (0.50)                                  6.19 (0.35)                                         6.55 (0.94)    10.67 (1.22)    7.44 (0.15)    9.35 (0.34)    10.03 (1.28)   4.50 (0.14)
  Lung disease                                                              4.34 (0.41)                                   6.10 (0.37)                                         2.34 (0.56)    6.85 (1.01)     4.53 (0.12)    7.76 (0.32)    5.17 (0.94)    4.71 (0.15)
  Neurological                                                              1.36 (0.28)                                   1.17 (0.19)                                         0.58 (0.29)    2.37 (0.60)     2.68 (0.10)    3.07 (0.21)    2.66 (0.68)    3.45 (0.13)

All values are displayed as percentage (SE) except where otherwise noted.

Average values over the five imputed data set.

Because a decedent can have multiple contributing causes of death, a decedent can be counted in more than one group.

(Source: Centers for Disease Control and Prevention, National Center for Health Statistics, National Vital Statistics System. Mortality Data.

https://www.cdc.gov/nchs/nvss/deaths.htm

. Updated January 2020. Accessed February 19, 2020).

John Wiley & Sons, Ltd

![Trends in ASDR in the United States, 2007‐2017, based on multiple imputation. Trends for (A) HCC and (B) cirrhosis due to NAFLD, CHC, CHB, and ALD.](HEP4-4-890-g002){#hep41510-fig-0002}

###### 

Trends in ASDR and ASYLLR For HCC and Cirrhosis by Etiology in the United States, 2007‐2017, by Multiple Imputation

                         ASDR (95% CI)            Average APC (95% CI)     Trend 1                                                          Trend 2                                                                                   
  ---------------------- ------------------------ ------------------------ ---------------------------------------------------------------- ----------- ----------------------------------------------------------------- ----------- -------------------------------------------------------------------
  ASDR for HCC                                                                                                                                                                                                                        
  NAFLD                  0.77 (0.73‐0.81)         1.07 (1.03‐1.11)         2.99[\*](#hep41510-note-0008){ref-type="fn"} (1.71‐4.29)         2007‐2014   1.50[\*](#hep41510-note-0008){ref-type="fn"} (0.13‐2.89)          2014‐2017   6.55[\*](#hep41510-note-0008){ref-type="fn"} (2.23‐11.05)
  CHC                    1.13 (1.09‐1.18)         1.44 (1.40‐1.48)         2.27[\*](#hep41510-note-0008){ref-type="fn"} (1.21‐3.34)         2007‐2011   4.78[\*](#hep41510-note-0008){ref-type="fn"} (2.07‐7.57)          2011‐2017   0.63 (−0.64‐1.92)
  CHB                    0.18 (0.17‐0.20)         0.19 (0.18‐0.21)         0.17 (−0.41‐0.75)                                                                                                                                           
  ALD                    0.09 (0.08‐0.10)         0.16 (0.15‐0.17)         6.52[\*](#hep41510-note-0008){ref-type="fn"} (3.63‐9.50)         2007‐2014   4.51[\*](#hep41510-note-0008){ref-type="fn"} (1.31‐7.81)          2014‐2017   11.38[\*](#hep41510-note-0008){ref-type="fn"} (1.90‐21.74)
  ASYLLR for HCC                                                                                                                                                                                                                      
  NAFLD                  11.2 (10.32‐12.08)       14.76 (14.42‐15.10)      2.43[\*](#hep41510-note-0008){ref-type="fn"} (1.48‐3.38)         2007‐2014   0.87 (−0.17‐1.92)                                                 2014‐2017   6.15[\*](#hep41510-note-0008){ref-type="fn"} (2.99‐9.40)
  CHC                    23.57 (22.76‐24.39)      26.1 (25.62‐26.58)       1.05[\*](#hep41510-note-0008){ref-type="fn"} (0.34‐1.78)         2007‐2012   3.20[\*](#hep41510-note-0008){ref-type="fn"} (1.76‐4.66)          2012‐2017   −1.05 (−2.13‐0.04)
  CHB                    3.61 (3.24‐3.98)         3.71 (3.47‐3.94)         −0.65 (−1.73‐0.44)                                                                                                                                          
  ALD                    1.62 (1.54‐1.70)         2.77 (2.70‐2.84)         5.81[\*](#hep41510-note-0008){ref-type="fn"} (3.22‐8.47)         2007‐2014   3.62[\*](#hep41510-note-0008){ref-type="fn"} (0.52‐6.81)          2014‐2017   11.12[\*](#hep41510-note-0008){ref-type="fn"} (3.10‐19.77)
  ASDR for cirrhosis                                                                                                                                                                                                                  
  NAFLD                  6.73 (6.63‐6.82)         7.58 (7.49‐7.68)         1.12[\*](#hep41510-note-0008){ref-type="fn"} (0.59‐1.66)         2007‐2014   1.87[\*](#hep41510-note-0008){ref-type="fn"} (1.33‐2.40)          2014‐2017   −0.59 (−2.38‐1.23)
  CHC                    2.77 (2.71‐2.83)         1.81 (1.77‐1.86)         −4.00[\*](#hep41510-note-0008){ref-type="fn"} (−4.73 to −3.27)   2007‐2014   −0.26 (−0.94‐0.42)                                                2014‐2017   −12.20[\*](#hep41510-note-0008){ref-type="fn"} (−14.57 to −9.76)
  CHB                    0.21 (0.19‐0.22)         0.15 (0.14‐0.16)         −2.84[\*](#hep41510-note-0008){ref-type="fn"} (−3.52 to −2.15)                                                                                              
  ALD                    4.18 (4.11‐4.25)         5.58 (5.50‐5.66)         3.24[\*](#hep41510-note-0008){ref-type="fn"} (2.44‐4.05)         2007‐2012   1.92[\*](#hep41510-note-0008){ref-type="fn"} (0.44‐3.42)          2012‐2017   4.58[\*](#hep41510-note-0008){ref-type="fn"} (3.23‐5.95)
  ASYLLR for cirrhosis                                                                                                                                                                                                                
  NAFLD                  131.98 (130.87‐133.10)   138.99 (137.88‐140.11)   0.49 (−0.10‐1.07)                                                2007‐2013   1.58[\*](#hep41510-note-0008){ref-type="fn"} (0.71‐2.46)          2013‐2017   −1.13 (−2.38‐0.14)
  CHC                    69.67 (68.59‐70.75)      39.78 (39.12‐40.43)      −5.08[\*](#hep41510-note-0008){ref-type="fn"} (−5.57 to −4.58)   2007‐2014   −1.43[\*](#hep41510-note-0008){ref-type="fn"} (−1.98 to −0.88)    2014‐2017   −13.07[\*](#hep41510-note-0008){ref-type="fn"} (−14.56 to −11.55)
  CHB                    4.66 (4.55‐4.76)         3.16 (3.10‐3.23)         −3.65[\*](#hep41510-note-0008){ref-type="fn"} (−5.11 to −2.16)   2007‐2010   −6.14[\*](#hep41510-note-0008){ref-type="fn"} (−11.18 to −0.82)   2010‐2017   −2.56[\*](#hep41510-note-0008){ref-type="fn"} (−3.89 to −1.21)
  ALD                    107.39 (107.03‐107.76)   145.02 (144.61‐145.43)   3.34[\*](#hep41510-note-0008){ref-type="fn"} (2.54‐4.13)         2007‐2012   1.99[\*](#hep41510-note-0008){ref-type="fn"} (0.54‐3.46)          2012‐2017   4.70[\*](#hep41510-note-0008){ref-type="fn"} (3.36‐6.05)

Significantly different from 0%.

(Source: Centers for Disease Control and Prevention, National Center for Health Statistics, National Vital Statistics System. Mortality Data.

https://www.cdc.gov/nchs/nvss/deaths.htm

. Updated January 2020. Accessed February 19, 2020).

John Wiley & Sons, Ltd

![Contribution of different liver diseases on absolute deaths by sex, age, and race/ethnicity in the United States for 2017 based on multiple imputation. (A) HCC and (B) cirrhosis.](HEP4-4-890-g003){#hep41510-fig-0003}

Cirrhosis Death by Etiology of Liver Disease Based on Multiple Imputation {#hep41510-sec-0010}
-------------------------------------------------------------------------

In 2017, decedents with cirrhosis due to NAFLD were more likely to be older (66.1 years) and non‐Hispanic white (75.1%), whereas those due to ALD were likely to be younger (56.8 years), Hispanic (15.6%), and non‐Hispanic AIAN (3.6%) (Table [3](#hep41510-tbl-0003){ref-type="table"}). The ASDR for cirrhosis ranged from 7.58 for NAFLD to 5.58 for ALD to 1.81 for CHC, whereas the ASYLLR for cirrhosis ranged from 145.02 for ALD to 138.99 for NAFLD to 39.78 for CHC. Within the study period, the ASDR for cirrhosis due to NAFLD and ALD increased whereas these rates decreased for CHC and CHB (Fig. [2](#hep41510-fig-0002){ref-type="fig"}; Table [4](#hep41510-tbl-0004){ref-type="table"}). The highest annual increase in ASDR and ASYLLR was due to ALD (AAPC, 3.24% and 3.34%, respectively), followed by NAFLD (AAPC, 1.23% and 0.49%, respectively). We also found that a decreasing trend of ASDR and ASYLLR for cirrhosis due to CHC decreased even faster after 2014 (APC, −12.2% and −13.07%, respectively). In 2017, NAFLD was responsible for 48.9% of cirrhosis deaths; ALD, 34.7%; CHC, 12.3%; CHB, 0.9%; and others, 3.2% (Fig. [3B](#hep41510-fig-0003){ref-type="fig"}). NAFLD was the most common cause of cirrhosis deaths in female individuals (48.9%), aged 75 years and over (74.6%), and non‐Hispanic white (50.7%) but the least common in male individuals (44.0%), aged less than 45 years (30.2%), and non‐Hispanic AIAN (32.5%). Across race/ethnicity, the contribution of cirrhosis deaths was highest in non‐Hispanic black for CHC (20.1%); Asian‐Pacific Islanders for CHB (22.7%); and non‐Hispanic AIAN for ALD (56.1%).

As expected, estimates of ASDR and ASYLLR from multiple imputed data helped to correct the underestimation of the etiological burden possibly caused by a complete case analysis, while demographics, comorbidities, and temporal trends in liver diseases were consistent between multiple imputation analysis and complete case analysis (Supporting Tables [S9‐S10](#hep41510-sup-0002){ref-type="supplementary-material"}).

Discussion {#hep41510-sec-0011}
==========

This population‐based study from the United States highlights changes in liver‐related deaths due to cirrhosis and HCC between 2007 and 2017. Using 11 years of nationally representative mortality data, this analysis revealed that the death rates and YLL have been increasing over the past decade. In addition, there are differences in liver‐related mortality according to the etiology of underlying liver disease and demographic variables. In this context, our study showed that both ASDR and ASYLLR for liver deaths due to either NAFLD or ALD have been on the rise, whereas the same variables due to CHC and CHB have been stable or declining.

Important findings of this study are the changes in the burden of HCC and cirrhosis among all deaths due to liver disease as well as the type of liver disease that may be responsible for these changes. From 2007 to 2017, the contribution of HCC to liver‐related mortality increased from 13.5% to 16.6% whereas the contribution of cirrhosis to liver mortality decreased from 85.0% to 81.9%. From the standpoint of the underlying etiology of liver disease, an increase was noted for NAFLD (44.4% to 46.4%) and ALD (25.3% to 30.8%), while the proportions of CHC and CHB decreased over time. Our findings are in agreement with previous studies focusing on the mortality of cirrhosis and HCC and the changing trends in the etiologies of the most common causes of chronic liver disease burden.^(^ [^21^](#hep41510-bib-0021){ref-type="ref"}, [^22^](#hep41510-bib-0022){ref-type="ref"}, [^23^](#hep41510-bib-0023){ref-type="ref"} ^)^ In a study from the Veterans Affairs health care information system (2001‐2014), an increase in HCC cases among patients with cirrhosis was noted with the increases being more pronounced in patients with HCV‐cirrhosis and NAFLD‐cirrhosis compared to ALD‐related cirrhosis.^(^ [^22^](#hep41510-bib-0022){ref-type="ref"} ^)^ Similarly, our data show that liver deaths from NAFLD have been increasing; in contrast, our data show that death rates due to CHC have declined. This difference in our finding may be explained by the more recent study period when the use of highly effective direct‐acting antiviral (DAA) agents for treatment of CHC has become more common.^(^ [^24^](#hep41510-bib-0024){ref-type="ref"} ^)^ On the other hand, mortality related to CHB‐associated liver disease seems to be stable or declining. This may indicate the impact of highly effective anti‐HBV drugs and (potentially) vaccination of at‐risk populations.^(^ [^25^](#hep41510-bib-0025){ref-type="ref"}, [^26^](#hep41510-bib-0026){ref-type="ref"} ^)^

It is important to place the contribution of NAFLD to liver‐related deaths in the context of the growing global epidemic of obesity and type 2 diabetes. Globally, approximately 2 billion adults are obese or overweight and over 400 million have diabetes, both of which are risk factors for NAFLD and HCC.^(^ [^1^](#hep41510-bib-0001){ref-type="ref"}, [^27^](#hep41510-bib-0027){ref-type="ref"} ^)^ These factors as well as the aging population seem to contribute to the rise of NAFLD‐related liver deaths from both cirrhosis and HCC.^(^ [^23^](#hep41510-bib-0023){ref-type="ref"}, [^28^](#hep41510-bib-0028){ref-type="ref"}, [^29^](#hep41510-bib-0029){ref-type="ref"}, [^30^](#hep41510-bib-0030){ref-type="ref"} ^)^ In our study, for both HCC deaths and cirrhosis deaths, NAFLD had the second highest annual increase in ASDR, only after ALD. Given the increasing prevalence of NAFLD in the general population and lack of highly effective treatment options for this common problem, this finding is crucially important, especially for primary care providers and gastroenterologists, who should be cognizant about the long‐term outcomes and mortality of these conditions in their daily practice.

Similar to NAFLD, the contribution of ALD to the burden of HCC‐related and cirrhosis‐related morbidity and mortality has been worsening. In fact, this study demonstrated that ALD had the highest annual increase in ASDR for both HCC‐related mortality and cirrhosis‐related mortality, and this effect was more pronounced after 2014. In addition, after 2014, there was a decreasing trend of ASDR for cirrhosis due to CHC. These findings suggest a temporal trend shift in the contributions of different etiologies of chronic liver disease to total burden of liver disease in the last decade. These findings are in agreement with reports from different parts of the world, emphasizing the increasing burden of ALD in those populations.^(^ [^3^](#hep41510-bib-0003){ref-type="ref"}, [^31^](#hep41510-bib-0031){ref-type="ref"}, [^32^](#hep41510-bib-0032){ref-type="ref"}, [^33^](#hep41510-bib-0033){ref-type="ref"} ^)^

Another important finding of the current study is the quantification of YLL due to liver deaths. In this context, between 2007 and 2017, age‐standardized YLL for HCC and cirrhosis increased by 16% and 18%, respectively. In fact, among patients with HCC, ASYLLR increased for all etiologies of liver disease except for CHB. On the other hand, among patients with cirrhosis, ASYLLR increased for NAFLD and ALD while it decreased for CHC and CHB. Interestingly, the decrease in ASYLLR for CHC was even faster after 2014, potentially due to highly effective DAAs.^(^ [^24^](#hep41510-bib-0024){ref-type="ref"} ^)^ Although our data were limited to the United States, similar data are being reported from other countries. In a study from the United Kingdom (1979‐2015), steady increases in the frequency of HCC due to ALD and NAFLD were reported.^(^ [^34^](#hep41510-bib-0034){ref-type="ref"} ^)^ Furthermore, since the mid‐1990s, a gradual increase in YLL due to ALD and NAFLD was also noted.^(^ [^34^](#hep41510-bib-0034){ref-type="ref"} ^)^ Similarly, another study from Italy (1986‐2014) demonstrated that HCC leads to an average of 11.5 YLL for each patient.^(^ [^35^](#hep41510-bib-0035){ref-type="ref"} ^)^ That study was not able to compare patients with HCC based on the underlying etiology of liver disease but demonstrated that with the recent advances in therapeutic modalities for HCC, patients diagnosed with HCC between 2007 and 2015 had lower YLL compared to HCC patients diagnosed earlier in the study.^(^ [^35^](#hep41510-bib-0035){ref-type="ref"} ^)^

In this study, we also noticed that male individuals were more likely to suffer from mortality due to cirrhosis and HCC. Male and female individuals had similar ASDR for HCC during the study years (29% and 26%, respectively), but female individuals had a higher ASDR for cirrhosis (3% vs. 17%, respectively). In fact, male predominance in the burden of those conditions is somewhat expected because male sex was shown to be a risk factor for HCC; however, increased ASDR for cirrhosis among female individuals is concerning and needs to be further studied.

Our study is not free of limitations. This study was conducted in the United States where causes of death and mortality data were obtained from death certificates. This approach may be subject to misclassification and underestimation. For this reason, among liver deaths identified by the underlying cause of death, any mention of HCC as an underlying or contributing cause of death was defined as HCC death. Similarly, any mention of cirrhosis or complications of cirrhosis (except for HCC) was defined as cirrhosis death. Nevertheless, given the possibility for these coding errors in both directions, we feel that over time the miscoding balanced out without a net gain or loss of the pertinent data. Also, our extended definition of NAFLD to include the ICD codes for cryptogenic cirrhosis may have led to an overestimation. However, NAFLD defined as the ICD‐10 codes of K76.0 and K75.81 underestimates the true prevalence of NAFLD. Our approach is also validated by the Global Burden of Disease Study 2017,^(^ [^36^](#hep41510-bib-0036){ref-type="ref"} ^)^ which reported that nonalcoholic steatohepatitis was responsible for 13.2% of HCC deaths and 13.7% of cirrhosis deaths among four etiologies. We also performed sensitivity analyses that showed that trends in mortality due to NAFLD only and a cryptogenic liver disease and cirrhosis both experience a similar increasing trend. Therefore, we believe that our estimates of NAFLD in the United States reflect the true burden of this liver disease. Although the number of missing etiologies was high, we used analytical procedures that take into account missing data for the contribution of different liver diseases, assuming that missing data are missing at random. If the probability of missing still depends on each liver disease even after taking available data into imputation models (missing not at random), our results could still be biased. However, for causes with incomplete data, the provision of an estimate with an adequate measure of uncertainty (standard error) is preferable to the underestimation.

In conclusion, liver diseases remain a major public health challenge in the United States. Since 2007, mortality due to HCC and cirrhosis has been increasing in this country. Although there is a downward trend in liver‐related mortality and YLL data due to viral hepatitis, there are substantial increases related to both NAFLD and ALD. Given the increasing global trends in the epidemiology of these liver diseases, the burden of liver disease is expected to increase. In this context, it is critical that policy makers, providers, payers, and patients focus on developing national policies and multiprong strategies to deal with the burden of liver disease in the United States.

Supporting information
======================

###### 

Fig S1

###### 

Click here for additional data file.

###### 

Table S1‐S10

###### 

Click here for additional data file.
